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Abstract 
Acarus siro L., a common acaroid mite in China, is one of the main pest mites damaging the stored products, 
economic crops and edible fungi. The mite is widely studied due to its economic importance. In this paper, the 
genetic structure and genetic diversity of A. siro in four geographic populations were studied by using ISSR marker. 
18 primers were selected for their ability to produce clear and reproducible patterns of polymorphic bands. Those 
primers were then used for analysing genetic diversity within and among populations of A. siro collected in 
Nanchang city, Jiujiang city in Jiangxi province and Hefei city, Caohu city in Anhui province (NC, JJ, HF, CH). A 
total of 136 DNA bands were yieldedˈ107 of which were polymorphic and PPB was 78.68%. The levels of genetic 
diversity of four population could be ordered in abundance as JJ> NC> HF> CH and the JJ population was the 
highest level. The value of Gst was 0.6283, indicating high level of genetic differentiation among populations. Nei's 
genetic diversity analysis showed that the level of gene flow (Nm=0.3717) was lower than that among populations 
(Nm=0.29). Dendrogram constructed using the UPMGA method and Nei’s unbias genetic distance showed the same 
location could be clustered together to form a specific clade. Geographic difference caused great differentiation. 
Moreover, there was no significant correlation between the genetic distance and geographic distance, indicating that 
geographic isolation was not the main factors inducing genetic difference. 
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1.Introduction 
Molecular methods have revolutionized insect systematic [1, 2]and are increasingly being applied to 
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mites and ticks [3]. The application of molecular markers has become more and more important in the 
systematic study of mites recently. The principles and characteristics of several molecular markers, 
RAPD(Random Amplified Polymorphic)[4], DALP (Direct Amplification of Length Polymorphism), 
AFLP (Amplified Fragment Length Polymorphism), RFLP (Restriction Fragment Length Polymorphism) 
[5], SSR(Simple Sequence Repeat)[6] and DNA Sequence Analysis[7] which have been used in the 
systematic study of mites are described[8]. 
The inter-simple sequence repeat (ISSR) is a new kind of molecular marker that amplifies 
intermicrosatellite sequences at multiple loci throughout the genome by a single primer 16-18 bp long 
composed of a repeated sequence anchored at the 3k or 5k end by 2-4 arbitrary nucleotides [9]. Each 
amplified band corresponds to a unique DNA sequence delimited by two inverted microsatellites, leading 
to multilocus and highly polymorphic patterns in which fragments are often polymorphic between 
different individuals [10]. ISSRs are dominant inheritance markers and can generate large numbers of 
highly informative and reproducible alleles. Up to now, no reports are available for using ISSR markers 
to study mites [8, 11]. 
Acarus siro Linnaeus 1758, known as the flour mite, is an economically important pest of stored food 
products in many parts of the world[12]. It is becoming an important environmental allergen in urban 
areas. And it is also becoming increasingly important occupational medicine, being responsible for 
contact allergies associated with bakers, cheese producers [13] and rural workers [14]. There were many 
literature on A. siro, however, few focused on its molecular biology [15]. The genetic structure and 
genetic diversity of A. siro need further investigation. 
The objectives of the present study are: (1) to test the efficiency of ISSR markers with the goal of 
using these polymorphisms as genetic markers; (2) to investigate the genotypic variability within A. 
ovatus by analyzing ISSRs from different geographic origins; and (3) to calculate and to compare genetic 
diversities, genetic similarities and genetic distances within and among populations. 
2. Materials and methods 
2.1.Materials 
A. siro was collected from four place (Tab. 1).  
Tab. 1 sample populations of A. siro 
Population Number Location 
NC 4 Nanchang, Jiangxi, China
JJ 4 Jiujiang, Jiangxi, China 
HF 4 Hefei, Anhui, China 
CH 3 Caohu, Anhui, China 
2.2.DNA extraction 
DNA extractions of 50 individuals were performed using of Phenol-Chloroform method with some 
modifications [16]. The concentration and quality of the purified DNA was evaluated both by 1% agarose 
gel electrophoresis and by spectrophotometer.  
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2.3.ISSR amplification 
ISSR primers were selected according to 100 primers provided by British Columbia University in 
Canada. Amplification reactions were carried out in 25 ȝl reaction mixture containing 2.0 mM MgCl2, 
0.25 mM dNTP, 0.3 mM of each primer, and 0.75 U of Taq DNA polymerase (TaKaRa Inc.) and 20 ng 
template DNA. The optimum annealing temperature was determined for each primer. PCR reactions were 
performed on a 2720 thermal cycler(Applied Biosystems) with following amplification conditions : initial 
denaturation at 94°C for 5 min, followed by 35 cycles of denaturation at 94°C for 45 s, annealing at the 
specific annealing temperature for 45 s, and extension at 72°C for 1.5 min. An additional cycle 
comprising a 5 min extension at 72°C was included as a final step. All ISSR assays were repeated twice, 
and only the reproducible bands were scored. PCR products were electrophoresed at 100 V in a 1% 
agarose gel. The gel image was recorded by using Zel Boc Xr (Bio-Rad) [16]. 
2.4 Data analysis 
The ISSR data were converted into a binary data set (0, absence of band; 1, presence of a band). 
Percentage polymorphic loci, Nei’s genetic diversity, Shannon’s diversity index, Nei’s[17] genetic 
similarity values and genetic distances within pairs and isolates were computed with POPGENE, version 
1.32[18]. Dendrograms were also constructed by cluster analysis based upon the unweighted pair group 
method with arithmetical averages (UPGMA) modified from the NEIGHBOR procedure of PHYLIP, 
version 3.5. The bootstrap method [19] was employed to evaluate the reliability of tree topology. 
Confidence limits of the dendrograms were estimated using the program WINBOOT software package 
[20] using PHYLIP format [21] in which 2000 replications were carried out. 
3.Results  
3.1.Evaluation of ISSR-PCR Markers 
According to the analysis of the prescreening data using four geographic population of A. siro and 40 
ISSR primers, 18 generated bright, polymorphic and reproducible amplification products were selected 
for further analysis. An example of a PCR fingerprint profile generated using the ISSR primer (CA)8GT 
(No. 05) is shown in Fig. 2. The 18 selected primers amplified consistently in all of the isolates examined 
(Tab. 2), and produced a total of 136 reliable fragments for four population at an average of 7.56 markers 
per primer, of which 107 (78.68%) were polymorphic. The highest number of markers was obtained with 
the primers (TC)8AG, whereas the primer (CA)8T resulted in the lowest number of markers.  
Genetic diversity was calculated for each of the ISSR primers in the four A. siro populations. Diversity 
index permits to evaluate the discriminating ability of each marker. The eleven primers, No. 01, 02, 03, 
07, 18, 25, 26, 28, 32 and 39 gave the higher polymorphism (>80%). 
3.2.Analysis of genetic relationships  
The genetic similarity values based on ISSR analysis were obtained by multivariate analysis using 
Nei’s coefficient (data not shown). For four A. siro populations, the genetic similarity matrix showed that 
the genetic similarity value ranged from 0.904 for two population, CH1 and CH2 to a minimum of 0.324 
for population JJ2 and NC1.  
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Tab. 2 ISSR primers used in this study and some summary results 
Primer 
number
Primer  
sequence No. of bands scoredNo. of polymorphic bandsPPB(%) 
01 (CA)8T 5 4 80.00 
02 (CA)8A 6 5 83.34 
03 (CA)8G 6 5 83.34 
05 (CA)8GT 12 9 75.00 
06 (CA)8AG 9 7 77.78 
07 (CA)8GG 10 8 80.00 
17 (TC)8AT 8 5 62.50 
18 (TC)8AG 12 10 83.34 
25 (AC)8T 9 8 88.89 
26 (AC)8C 5 4 80.00 
27 (AC)8G 8 6 75.00 
28 (TG)8A 5 4 80.00 
30 (TG)8G 7 5 71.43 
32 (GATA)4 6 5 83.34 
33 (GACA)4 7 5 71.43 
36 (GATA)2(GACA)2 6 4 66.67 
39 (CTTCA)3 7 6 85.71 
40 (GGAGA)3 8 7 87.50 
Mean  7.56 5.95 78.63 
Total  136 107 78.68 
 
 
Fig. 1 A PCR amplification pattern generated by using primer 05 of 4 populations of A. siro 
Lane M: DL2000 marker; 1-4: (JJ1-4); 5-8: (NC1-4); 9-12: (HF1-4); 13-15: (CH1-3) 
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Fig. 2 UPGMA dendrogram illustrating relationship of 15 samples of A. siro 
The considerable intraspecific variability among four A. siro populations was revealed by 18 selected 
ISSR markers. The dendrogram showing the genetic relationship among A. siro population based on the 
total number of amplified ISSR fragments is presented as Fig. 2. 
Genetic diversity indices and genetic similarity values for different geographic locations are presented 
in Tab. 3. The levels of genetic diversity of four population could be ordered in abundance as JJ> NC> 
HF> CH. Each genetic diversity index of JJ population is highest in total populations. The genetic 
diversity index and genetic similarity value of the CH population were significantly different (P<0.05) 
from those of all the other populations. The average genetic diversity index with geographic origins was 
0.1875. 
Tab. 3 Statistical analysis of genetic diversity of 4 populations 
Popu- 
lation 
Observed number 
of alleles (Na) 
Effective number of 
alleles (Ne) 
Nei's gene 
diversity (He) 
Shannon's 
Information index 
(I) 
No. of 
polymorphic 
bands 
percentage of 
polymorphic bands 
(PPB)% 
JJ 1.3529±0.4797 1.2765±0.3941 0.1526±0.2106 0.2196±0.301 48 35.29 
NC 1.3456±0.4773 1.2691±0.3898 0.1489±0.2089 0.2145±0.299 47 34.56 
HF 1.3162±0.4667 1.2397±0.3706 0.1342±0.2011 0.1941±0.289 43 31.62 
CH 1.1912±0.3947 1.1529±0.3157 0.0850±0.1754 0.1217±0.251 26 19.12 
Mean 1.3015±0.4546 1.2346±0.3676 0.1302±0.1990 0.1875±0.285 41 30.15 
Total 1.9485±0.2218 1.6127±0.2757 0.3586±0.1288 0.5314±0.168 107 78.68 
 
As summarized in Table 4, the total variation (Ht) was 0.3502±0.0168 and the average variation within 
samples (average Hs) was 0.1302 ± 0.0134. The mean diversity among the samples (Dst) was 0.1194. The 
coefficient of gene differentiation Gst = (Ht-Hs)/Ht was 0.6283, indicating a reduction of genetic 
diversity of about 62.8%. The value gene flow (Nm) is 0.2957. 
Table 4 Nei's analysis of genetic diversity of 4 populations 
 Ht Hs Dst Gst Nm 
MeanfSD 0.3502f0.0168 0.1302f0.0134 0.2200 0.6283 0.2957 
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The genetic variation was treated with the AMOVA analysis by the software Arlequin 3.00, which 
revealed significant genetic differentitation among populations of A. siro (p<0.001). The results (data not 
shown) indicated there are 58.24% of variation is among populations and 41.76% is within population. It 
is very similar to Gst value calculated by Popgene1.32.  
Table 5 Nei's genetic identity (I) (above diagonal) and genetic distance (D) (below diagonal) of 4 populations 
Population JJ NC AH-1 AH-2
JJ **** 0.4545 0.5043 0.4787
NC 0.7885 **** 0.8020 0.7985
AH-1 0.6845 0.2207 **** 0.9280
AH-2 0.7366 0.2250 0.0747 **** 
 
Genetic distances [17] were examined for all pairwise comparisons between geographic populations. 
The mean distance for all comparisons was 0.4550, ranging from 0.0747 (between HF and CH which both 
locate in Anhui province) and 0.7885 (between NC and JJ population). The data showed no correlation 
between the genetic and geographic data. 
4.Discussion 
A .siro has a worldwide distribution and is a common pest of various stored products. It is widely 
studied due to its economic importance. But there are little work on its molecular biology [15]. No reports 
focused on its genetic structure and genetic diversity among various populations. ISSR markers can be 
used in population genetic studies of species as they effectively detect very low levels of genetic variation 
[22].  
In this study, the considerable variability among A. siro population from different hosts and 
geographic locations analyzed by ISSR technique reflected a high level polymorphism at DNA level. 
Clustering analysis by UPGMA demonstrated that A. siro from the same location could be clustered 
together to form a specific clade. These ISSR markers were successfully used to differentiate four 
geographic populations, indicating that ISSR markers are a more suitable technique for intraspecific 
identification. 
In contrast to other PCR-based techniques, such as RAPD’s and AFLP’s, ISSR has the advantage of 
longer primers, allowing for more stringent annealing temperatures [23]. These higher annealing 
temperatures apparently provide a higher stability and reproducibility. Furthermore, AFLP is labor 
intensive, and has high operation and development costs. Microsatellites are specific and highly 
polymorphous [24], but they require knowledge of the genomic sequence to design specific primers and 
are limited primarily to economically important species. 
Modern genetics suggested that the level of genetic diversity of a species is closely related with its 
adaptability, viability and evolutionary potential, and genetic variation is necessary for organisms to adapt 
to climate change. In this paper, genetic diversity of A. siro from JJ population is the highest (I=0.2196) 
and that of CH population is the lowest (I=0.1217). A. siro in JJ population has higher genetic diversity 
than other population, which may have better adaptability to external environment than CH population.  
The coefficient of gene differentiation (Gst) is 0.6283, which means that 62.83 percent of total genetic 
variation are from different geographic populations. The value indicated a substantial reduction of genetic 
diversity, probably due to the high genetic isolation of samples analysed, which The Gst demonstrated a 
very great genetic differentiation among samples, possibly caused by random genetic drift. Further 
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statistical support to the genetic structuring of the samples examined comes from the AMOVA analysis. 
Despite the continuous distribution of A. siro, the four samples represent genetically differentiated 
populations that there are greater genetic variations occupied in four geographic populations of A. siro. 
The gene flow (Nm) of A. siro is 0.2957, according to Govindajaru’s opinion, which the level of gene 
flow among four populations is moderate [25]. There are great variations among its geographic 
populations, suggesting that there was high genetic diversity among A. siro populations. 
Dendrograms derived from an unweighted pair group method analysis (UPGMA) cluster based on 
ISSR markers shows that relationship between population HF and CH both located in Anhui province is 
closest but JJ population is far from other populations. It is interested that the relationship between both 
populations from Anhui province and NC is closer than JJ to NC from Jiangxi province. It’s different 
with their location in distance. It’s different from most species [26, 27]. We suspected it may be resulted 
from frequent food trade between Anhui province and Nanchang city.  
In conclusion, there was high genetic diversity among A. siro populations. However, the geographic 
isolation was not the main factors inducing genetic difference in A. siro. 
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